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Abstract 
This paper deals with a planer single-legged robot that is capable of hopping. The model of the robot is constructed as 
an inverted pendulum with an additional flywheel. The phases of each hopping cycle are anglicized and are treated 
with different control scheme. By adopting the three part control scheme that proposed by Raibert, we improve the 
speed control part by solving the equations of motion of the model introduced before which provides a better way to 
specify control parameters which are not addressed by Raibert. Simulation results of rate regulation show that the 
control scheme is able to regulate the rate of single-legged Robot at a desired speed with high stability thus show the 
control is valid and feasible for realizing rate regulation.
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Research on legged robots has attracted many attentions during the last century. The main purpose of
the development of legged robots lies in the advantages of legged robots that they are able to go to the 
place that inaccessible for wheeled or tracked vehicles. 
A large number of researchers have done many fabulous works on legged systems. Raibert and his co-
workers made a major contribution to this field through their 2D and 3D single legged hopper. Many 
other works have been done to improve the original legged system of Raibert. Zeglin[2] introduced an 
“uniroo ” that was capable of stabilizing its body pitch by continuous control during flight and stance. 
Harbick and Sukhatme[3] achieved to change the apex height by lengthening leg during flight.  Le and 
He[4] controlled the hopping height by fixed leg extension during stance phase. Despite merits of 
Raibert’s three part control scheme, it still suffers from the vagueness of forward speed control part, in 
which he didn’t provide the specification in determination of several parameters. This paper solves this 
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problem in a mathematic manner that is able to give a simple way to determine the parameters in the 
speed control. 
This paper is organized as follows. Section 2 describes the principle of single-legged robot, including 
the structure design and realization of walking function. Section 3 presents the control scheme of both 
stance and flight phase. In section 4, we show the results from simulation. Section 5 concludes with a 
discussion of our results and a proposal for future work. 
2. The principle of single-legged system 
2.1. Structure design  
The planer single-legged system consists of two main parts: the body and the leg connected by a 
rotational joint as shown in Fig.1.The leg has a cylinder foot attached to the end of the lower part of the 
leg, which enables the planer movement of the single-legged system. There is a spring located between 
the upper part and lower part of the leg. A sliding joint permits the leg to lengthen and shorten under the 
influence of the spring. Because it has only one leg, hopping is the only gait it can use. 
Fig. 1. Single-legged robot model.  
2.2. Realization of  walking  function 
In each hopping cycle, the hopping behavior can be roughly classified as two phase: stance phase and 
flight phase.
3. Control scheme 
The control goal of the system is to maintain the single-legged robot hopping at a desired speed with 
stability. As the constraints on the system are different from stance and flight phases, we have to control 
these two phases separately.  
In this paper, we adopt the Raibert’s three part control scheme, in which the whole control problem are 
decomposed into three separate control problems, which are hopping height, forward speed and body 
attitude. For controlling hopping speed, rather than a simple linear control that has been used in Raibert’s 
control scheme, we solved the equations of motion of a planer inverted pendulum with an additional 
flywheel model, whose solution can be applied to determine the parameters that are not specified in 
Raibert’s speed control. 
3.1. Stance phase  
As mentioned before, in the stance phase, two control objects, which are body attitude and hopping 
height, can be achieved. 
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The system maintains the body attitude upright by exerting torques about the hip during stance phase. 
Friction between ground and leg is large enough that wouldn’t cause slippery and large accelerations of 
the leg. The torques applied to hip in a linear servo: 
)()( φφφτ &vdp kk −−−=                                                                                                 (1) 
In which, τ is the hip torque, φ is the pitch angle of the body, and , are position and velocity 
feedback gains. 
pk vk
In our experiment, the body height doesn’t require high precision since it is only a way to prevent 
hopping height from diminishing and ensure the system to have enough energy. 
3.2. Flight  phase  
During the flight phase, the system controls the forward speed of the robot by locating its foot to a 
desired place. 
In this paper, we adopt a planer inverted pendulum with an additional flywheel model as a 
simplification of the single-legged robot, as shown in Fig.3. We assume that the leg is massless and 
extensible, and the flywheel is hinged to the leg and can rotate about its center. Also, the system’s mass 
center locates at the center of the flywheel. 
Fig. 3. Inverted pendulum with additional flywheel model 
According to the model shown in Fig.3, we obtain its equations of motion during stance phase as：
                                                                                                          (2) 
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Substituting  into Equations of motion, and replacing kf rz=θcos and rx=θsin , we get: 
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Note that because the property of a mass-spring system, the duration of each stance phase is a constant 
with respect to the parameters of mass and spring stiffness, which is: 
k
mT π=                                                                                                                                               (6)
in which k is the stiffness of the spring. 
By substituting the desired velocity of x at the end of stance phase in equation (4), we can obtain the 
desired relationship between  and .0x x&
4. Simulation results 
Model used in the simulation is shown in Fig.4. 
Fig. 4. Single-legged model used in simulation 
In the simulation, the model starts at a speed of -0.5m/s while the desired velocity is set as -1m/s. The 
body attitude is controlled by a PD controller, whose parameters in equation (1) are , .
By substituting the model parameters into equation (5), the relationship between  and  is: 
5000=pk
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Energy of each cycle is injected into the system by a force that applied on spring when the spring 
reaches its lowest point. The average of this force is 1000N.Fig.5 shows the results from a test of rate 
regulation. Forward speed is well controlled, and the robot can reach to the desired speed after several 
hops and in a few seconds. The body attitude is also well maintained which is kept generally upright. The 
simulation results show that the validity of the control scheme of using both of planer inverted pendulum 
with an additional flywheel model and the assumption that made to simplify the model. 
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Fig. 5. Rate regulation. 
5. Conclusion 
This paper designs a simple single-legged robot that is capable of hopping. The model of single-legged 
robot is constructed. Compared to the simple linear speed control that adopted by Raibert, we use the 
three part control scheme to realize rate regulation in a mathematic manner after analyzing the 
characteristics of the hopping cycle. The simulation results show that our control scheme is valid and 
feasible. Also, the control scheme is easy to achieve and of relatively high precision. However, it is worth 
noting that speed of the robot cannot be stabilized under a wide range of time, which requires more 
accurate controller and stability analysis of the model in our future work. 
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